Abstract -We demonstrated the presence of anthocyanic vacuolar inclusion (AVI) in anthocyanin-producing cells of Camptotheca acuminata Decne cultured in vitro. During the four cell growth cycles, the number of cells with a colourless vacuole decreased. The percentage of cells with AVIs increased during the first and second cell growth cycles and then decreased. This decrease was accompanied by a considerable increase in the percentage of cells with no AVIs, with anthocyanins dissolved in the vacuolar solution. The cytochemical analysis applied to the transmission electron microscopy, revealed the presence of a protein component in the shell of the AVIs.
INTRODUCTION
Camptotheca acuminata is an arboreal species of the Nyssaceae family and is endemic in southern China. Most of the numerous studies on C. acuminata have focussed on the synthesis and accumulation of camptothecin (a monoterpene indole alkaloid with anti-cancer activity) and its derivatives (Pasqua et al. 2004; Pasqua et al. 2005b) . As part of a research program on the production of secondary metabolites in C. acuminata cell cultures (Pasqua et al. 2006) , some lines capable of producing relatively high levels of anthocyanins when subjected to inductive therapy were selected (Pasqua et al. 2005a) . Anthocyanin production significantly increased in the presence of kinetin and 2,4-D and high sucrose concentrations (Pasqua et al. 2005) . It was shown that the cells produced cyanidin monoglucosides: Cy 3-Ogalactoside and Cy 3-O-glucoside (with considerably higher concentrations for Cy 3-O-galactoside) (Pasqua et al. 2005) . It should be stressed that Cy 3-O-galattoside (differently from Cy 3-Oglucoside) is quite rare in nature.
In diverse species, such as Vitis vinifera (Conn et al. 2003) and Ipomea batata (Nozue et al. 1997) , anthocyanin accumulation has been observed in vacuolar inclusions. In the earliest studies, these structures were denominated "anthocyanoplasts" and described as intravacuolar organelles surrounded by a membrane (Peket and Small 1980) . More recent studies have defined these inclusions as "Anthocyanic Vacuolar Inclusions" (AVI) and have described them as bodies consisting of a protein matrix, without a membrane or internal structure (Nozolillo 1994) .
In the present study, we began an analysis of the presence as well as of the morphological and ultrastructural features of AVIs in anthocyaninproducing cells of Camptotheca acuminata Decne cultured in vitro.
MATERIALS AND METHODS
Camptotheca acuminata cells grown in the dark were transferred onto a medium for inducing anthocyanin production. The medium contained basal medium B5 (Gamborg 1968) , 2 µM kinetin, 2 µM 2,4-dichlorophenoxyacetic acid, and 292 mM sucrose. The cells were exposed to continuous white fluorescent light (70 µMol s -1 m -2 ) at 26±1°C. At intervals of 7 days and for 4 successive cell-growth cycles, samples of cells (for a total of 1,000 cells) were counted in a Burker chamber, under a light microscope with clear field (Zeiss, Axioskop 2 Plus). The results were expressed as the percentage (out of the total) of: i) cells with AVIs, ii) pink or red vacuoles, iii) colourless vacuoles.
For the transmission electron microscope (TEM) analysis, samples of cultured cells were fixed in 3% glutaraldehyde for 24 hours and processed according to Monacelli et al. (2005) . The presence of proteins (Silverman and Glick 1969) in the samples were evidenced by cytochemical reaction during fixation with phosphotungstic acid according to the procedure of Rascio et al. (1991) .
RESULTS AND DISCUSSION
After seven days of exposure to continuous light, the cell population already showed several cell types (Fig. 1 ): i) with colourless vacuole (no anthocyanins), ii) with AVIs and colourless or pink vacuole ( Fig. 2A ), iii) with pink or red vacu- ole (anthocyanins uniformly dissolved in the vacuolar sap) (Fig. 2 B) . The percentage of cells with a colourless vacuole decreased during the 4 cell growth cycles. The percentage of cells with AVIs increased in the first and second cell growth cycles under light exposure and then decreased. Moreover, in the third and fourth cycles, there was an increase in the percentage of cells with a red vacuole for the presence of anthocyanins uniformly dissolved in the vacuolar sap (Fig. 3) .
TEM observations showed that the AVIs (Fig.  2C) consisted of a shell which was made up of very electron-dense material and which enclosed an internal homogeneous cellular environment. This environment was apparently empty and had low electron-density, similar to the vacuolar environment in which the AVIs were immersed.
The cytochemical analysis applied to TEM for specifically detecting proteins revealed the presence of a protein component in the outer shell of the AVIs (Fig. 2D) . By contrast, no protein matrix was observed in the internal environment of the AVIs.
The structure of the AVIs of C. acuminata was different from that described by Nozue et al. (1997) for the AVIs of Ipomea batatas. In the AVIs of I. batatas, light microscope micrographs showed a dense and homogeneous matrix, and the immunocytochemical analysis, performed with the transmission electron microscope by using an antibody against a specific protein (VP24), confirmed the presence of a protein component in the entire mass of the AVI. The presence of an homogeneous protein mass had been previously reported in the AVIs of petal cells of Lisianthus (Markham et al. 2000) .
Most recent studies on AVIs have described these structures as vacuolar compartments without a membrane, formed by masses of insoluble proteins of the vacuolar matrix. These proteins, having a high affinity with anthocyanins, were shown to be able to entrap these pigments, synthesized in the cytoplasm and transferred to the vacuole (Xu et al. 2001; Nozue et al. 2003) . These proteins should play a role in concentrating anthocyanins and thus intensifying the colour of the cells containing these pigments (Markham et al. 2000) , and also increasing the anthocyanin stability (Conn et al. 2003) .
The organization of AVIs in C. acuminata differs from that of the other AVIs described to date. This suggests that, although all AVIs are implicated in the intravacuolar accumulation of anthocyanins, they may differ among plant species in terms of composition and organization. 
